The present study aimed to study the associations between substance use patterns and types of crimes in prisoners with substance use problems, and specifically whether substance use patterns were different in violent offenders. Methods: Interview data of prisoners with substance use problems (N=4,202, mean age 33.5 years, SD 9.8), derived from the Addiction Severity Index, were run against criminal register data on main types of crimes in the verdict. Results: In binary analyses, compared to those with acquisitive and drug crimes, violent offenders had lower prevalence of illicit drugs and homelessness, but higher prevalence of binge drinking, and higher prevalence of sedative use than clients sentenced with drug crimes. Clients with violent crime had lower prevalence of injecting drug use, compared to all other crimes. In logistic regression, binge drinking and sedatives were positively associated with violent crime (as opposed to non-violent crime), whereas heroin, amphetamine, cocaine, and injecting drug use were negatively associated with violent crime. Among violent offenders only, sedatives tended to be associated with fatal violence (p=0.06), whereas amphetamine, homelessness, age, and (marginally significant, p=0.05) heroin were negatively associated with fatal violence, as opposed to non-fatal violence. Conclusion: Treatment and risk assessment in violent perpetrators with substance use may need to address sedatives and alcohol specifically. Limitations of the study are due to self-reported and cross-sectional data and because a large majority of the prison sample studied here are men.
Introduction
Crime and substance use are known to be closely associated, 1 and substance use disorders are common in criminal justice settings; in a systematic review of studies in prison populations, alcohol abuse and dependence were reported in 18%-30% of males and 10%-24% of females, whereas drug abuse and dependence were reported in 10%-48% and 30%-60% of male and female clients, respectively. 2 Also, substance use disorders are known to be associated with violent crimes. [3] [4] [5] [6] [7] [8] Violent crime, including violent assault, homicide, manslaughter, or serious threats, intuitively causes great suffering and harm to the society, and among causes of deaths in populations of illicit drug users with criminal behavior, physical assault from others represents a significant minority of deaths. 9, 10 Also, in data from the present setting, violent crime has been shown to be associated with a high degree of psychiatric problems including substance use disorders, indicating large treatment needs in 2 håkansson and Jesionowska this population which may call for specific interventions in comparison to other crimes. 11 Previous data, from the general male population of the setting assessed here, demonstrated that psychiatric disorders in early adulthood predict violent crime and that a substance use disorder is one of the strongest predictors. 12 Thus, alcohol and drug use disorders confer an additional risk over and above the risk related to other mental disorders, 13 relapse into violent crime is high, and data indicate that inprison treatment of substance use disorders as a group may reduce violent recidivism. 14 However, it has been argued in the literature that a lot remains to be understood in the relationship between substance-specific substance use problems and violent crime. 7 While substance use disorders as a group constitute a risk factor, substances typically misused are highly diverse. Drugs of misuse, such as in the present setting, range from central stimulants, causing euphoria, psychomotor activation, and possibly psychotic symptoms, 15 to benzodiazepines, possibly causing disinhibition and misused either recreationally or for self-medicating purposes. 16 In the present setting, among the criminal justice clients with substance use problems, amphetamine, cannabis, alcohol, and a polydrug use pattern traditionally have played an important role, while opioids constitute a significant but traditionally less prevalent problem. 17, 18 Given the prevalence of substance use disorders in clients with criminal behavior, populations of clients sentenced to prison are likely to include many clients needing structured assessment and treatment of their substance use-related diagnoses.
Also, many crimes committed by substance users are categorized as drug crimes, as they involve either the use or handling of illicit drugs, or as acquisitive crimes such as stealing, shoplifting, or burglary, related to the need to finance drug use. 19 For example, acquisitive crimes committed by drug users appear to decrease after substance use disorder treatment. 20 Perpetrators of violent crime may differ from subjects committing these other drug-related crimes and may display different treatment needs.
Thus, based on high prevalence of substance use disorders in subjects with violent behavior, and the relative paucity of studies providing substance-specific data in relation to violent crime, in the present study, we aimed to describe how substance use patterns differ between substance-using prisoners across different types of crimes, and with a focus on violent crime, we aimed to compare perpetrators of violent and fatally violent crime to clients with other types of crime.
Methods

Data sources and analysis sample
The present study was a cross-sectional analysis of the association between the substance use pattern and the type of crime in adult clients (18-66 years of age) with substance use problems assessed with the Addiction Severity Index (ASI) in the Swedish prison system. The study is based on ASI interviews carried out by criminal justice staff in Swedish prisons from 2001 to 2006. From 2001, the ASI was increasingly implemented as a tool for assessment of substance use and substance-related problems, 21 and an increasing number of units within the Swedish Prison and Probation Service started using the instrument, mainly in units specialized in clients with substance use disorders. The ASI was used for assessment of severity, treatment allocation, and for followup and research purposes. Since the present database was blinded and delivered to our research group in 2006, a number of papers have been published based on this data material, including predictions of drug-related mortality 9, 10 and criminal recidivism. 22 The ASI is a well-documented instrument used worldwide for the assessment of substance use problems, and it has become a standard instrument for assessment of substance use in clinical situation and in research settings. [23] [24] [25] At one given time point in close connection to the study period, around 5,500 individuals in Sweden were in prison. Among criminal justice clients, the ASI project in the criminal justice system aimed to address subjects with problem use of alcohol and drugs, and the use of the ASI interview was gradually increased during the study period and expanded to an increasing number of prisons, primarily units with a focus on substance use disorders. In a previous post hoc attrition analysis, interviewers who carried out more than 30 interviews in the project were addressed, and they reported that approximately six percent of the clients approached for an interview refused it. 17 The whole dataset used here contains data from 7,085 clients assessed for substance use problems in different criminal justice settings. Here, in order to study clients with a criminal record specifically involving prison sentence, clients interviews in prison (N=5,122) were included. Among them, 27 clients instead had been interviewed with a slightly different instrument adapted for adolescent populations (Adolescent Drug Abuse Diagnosis instrument 26 ) and were excluded for that reason. Among the remaining clients (all above 18 years of age), clients were excluded if they interrupted the interview or were judged by the interviewer in any domain of the instrument to have problems understanding or Substance Abuse and Rehabilitation 2018:9 submit your manuscript | www.dovepress.com
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Associations between substance use and type of crime suspected misrepresentation when answering the questions. Also, in order to analyze clients with a confirmed substance use problem, clients were excluded if the dominating drug of abuse was reported to be "none" or "missing", leaving 4,254 clients. Among them, in 52 cases, criminal justice registry data for the type of crime of the verdict were missing, and these clients were also excluded. Thus, the final cohort consisted of 4,202 individuals. Clients were predominantly male (n=3,788, 90%) and the mean age was 33.5 years (SD 9.8, median 32 years, range 18-66).
Study variables
The main type of crime in the verdict was retrieved from the Swedish criminal justice register. Here, crimes were divided into four categories: violent crimes, acquisitive crimes, drug crimes, and others. Acquisitive crimes refer to thefts and robberies, including selling of stolen goods. The type of crime refers to the main (most severe) crime in the verdict, such that these categories of crime are mutually exclusive. Violent crimes include murder, manslaughter, assault, and threats.
Based on the ASI assessment, the most common primary drugs reported in the present cohort (mutually exclusive) were amphetamine (32%), polydrug use (defined as two or more drugs concomitantly, 17%), alcohol (13%), cannabis (13%), heroin (9%), alcohol and drugs combined (7%), sedatives (3%), and cocaine (3%). In the present analysis, variables included describe problem drug use of a substance for at least six months. Problem substance use, for at least six months followed the ASI assessment: alcohol binge drinking (46% of included subjects), heroin (22%), other opioids (15%), sedatives (36%), amphetamine (64%), cocaine (16%), cannabis (62%), and injecting drug use (53%).
Clients were assessed with the ASI interview after a median of 27 days after arrival to the prison unit where the interview took place (mean 63 days), and altogether, 93% were assessed during the first six months at that unit and 97% within the first year. The study was approved by the Regional Ethics Committee, Lund, Sweden (file number 2011/272). As no personal data were identified in this study, each participant's written informed consent was deemed not required by the Regional Ethics Committee.
Statistical analysis
In the descriptive analysis, substance use and other characteristics (history of psychiatric hospitalization and demographic data) were compared across major groups of crime (violent crime, drug crime, acquisitive crime, and all other crimes). Chi-square tests were used to examine differences between violent crime and each of the other categories. Also, within the subset of clients with a violent main crime, binary comparison was carried out for the same variables, between perpetrators of fatal (n=164) and non-fatal (n=546) crimes, respectively. Also, all variables were entered in a logistic regression (direct, non-stepwise mode), in order to identify variables associated with violent crime compared to all other crimes, and likewise, all variables were entered in another logistic regression that identified variables associated with fatal violence compared to non-fatal violence. In order to assess the risk of multicollinearity, a correlation matrix was run for all assessed variables (variables included in Tables 1-4) , with a predefined limit of Pearson correlation set at 0.7. 27 Here, the highest correlations were for amphetamine and injecting drug use and for sedatives and other opioids (Pearson correlations of 0.50 and 0.32, respectively), whereas other correlations were below 0.30 and most very low.
Results
Descriptive findings of substance use, psychiatric hospitalization, and demographics by type of crime Primary crimes included in the verdict were violent crimes in 17% of cases (n=710). Other common categories of primary crimes were drug crimes (32%, n=1,331), acquisitive crimes including theft, robbery, and other property crimes (29%, n=1,236), financial crimes (4%, n=185), "crimes against public activities" (4%, n=180), molestation of females (3%, n=132), weapon crimes (2%, n=97), other traffic crimes (2%, n=89), driving under the influence of substances (1%, n=53), and smuggling (1%, n=57). Arson (n=39) and sexual crimes (n=28) including rape and sexual molestation were the primary crimes (<1%).
Lifetime history of substance use differed markedly in perpetrators of violent crime compared to all other criminal justice clients with substance use problems ( Table 1) . In violent perpetrators, several types of illicit drug use were less common than in perpetrators of drug crimes (heroin, cocaine, amphetamine, injecting drug use), as well as a history of psychiatric hospitalization, whereas alcohol binge drinking and sedatives were more common in the violent group. In comparison between violent and acquisitive crimes, the latter group was more likely to report heroin, cocaine, amphetamine, cocaine and injecting drug use, whereas no difference was seen for sedatives in this comparison, and binge drinking was more prevalent in the håkansson and Jesionowska violent group. Compared to the remaining categories of main crimes, the violent group displayed higher prevalence of sedatives and lower prevalence of heroin, amphetamine, and injecting drug use. The violent group was significantly younger than the drug crimes group and the group sentenced with other crimes, but older than clients sentenced with acquisitive crimes.
Adjusted results of factors associated with violent crime compared with all other crimes
In the logistic regression analysis (comparing violent crime to all other categories of crime), a history of binge drinking, use of sedatives, and male gender were positively associated with violent crime, compared to all other clients. Use of heroin, amphetamine, cocaine, and injecting drug use were negatively associated with violent crime (Table 2) .
Descriptive findings of substance use, psychiatric hospitalization, and demographics: fatal crime versus non-fatal violent crime
Within the group of perpetrators of violent crime (n=710), subjects convicted for fatal violence differed from the rest of violent perpetrators, with respect to heroin use, amphetamine use, and homelessness, which were all less prevalent in the fatal violence group. However, the groups sentenced with fatal and non-fatal violence did not differ with respect to psychiatric hospitalization, gender, or age (Table 3) .
Adjusted results of factors associated with fatal violent crime compared with non-fatal violent crime
In the logistic regression analysis, comparing clients sentenced for fatal violence to those sentenced for non-fatal violence, age and (with marginal significance) sedatives were positively associated with fatal violence. Amphetamine, homelessness, and (with marginal significance) heroin were negatively associated with fatal violence (Table 4) . 
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Discussion
The present paper presents how substance use patterns differ across different categories of crime, in adult prisoners with substance use problems, and demonstrates the distribution of substances in violent criminals compared to those involved in other crimes, and further, how perpetrators of fatal violence differed from clients convicted for non-fatal violent crime. Several illicit substances were less common in violent offenders than in perpetrators of other crime categories. Differences from clients convicted for drug crimes and acquisitive crimes accounted for part of that difference, whereas in contrast, sedative use and alcohol binge drinking were more prevalent in violent offenders. Further, similar associations were seen for fatal violence; sedatives and illicit drugs were positively and negatively associated, respectively, with fatal violence in comparison to non-fatal violence. Thus, the substance use profile with sedating substances in perpetrators of violent crime, rather than illicit drugs of abuse, appeared to be more pronounced for perpetrators of fatal violence.
While all clients assessed in the present paper reported a primary substance of abuse, and hence, likely had a significant substance use problem, it may not be surprising that illicit drugs such as amphetamine, heroin, and cocaine are more frequently reported by clients sentenced for drug crimes. However, for the use of sedatives, which are known to be used concomitantly with severe illicit drug use, 28 there was an association with violent crime, and within that subgroup an association with fatal violence. Thus, it may be argued that sedative drugs are at least more prevalent among substance users involved in violent crimes than among substance users involved in other crimes and that the use of sedative drugs may either contribute to the violent behavior or may share common characteristics with the risk factors of clients committing violent and fatal violent crimes.
While this is a comparison of substance use patterns in different types of crimes within a criminal justice sample with substance use problems, and specifically in Sweden, results cannot be generalized to the general population or to other geographical settings, and they cannot specifically address issues about how substances facilitate criminal acts and also cannot be generalized to prison populations with more female clients or regions with markedly different legislation. However, for the forensic setting, these results suggest important differences in the substance use patterns of clients, depending on the type of crime because of which they are subject to criminal justice interventions. Thus, for example, the challenges to meet in diagnostic and therapeutic work in håkansson and Jesionowska the criminal justice system likely need to be highly individualized, and different challenges are faced for perpetrators of violent crime than for many other clients.
For alcohol, the findings of the present study are consistent with other data describing alcohol as a risk factor of violence. 29, 30 Also, Young et al demonstrated that in addition to attention deficit hyperactivity disorder, alcohol diagnosis predicted violent crime. 31 There is some literature -although limited -on the potential link between benzodiazepines and violent crime, both from the present geographical setting and others. Haggard-Grann et al, in a paper from the present setting as here, not only confirmed the picture of alcohol consumption as a proximal risk factor of violent behavior but also showed that benzodiazepines in prescription doses did not increase the risk of violence, even demonstrating a lower risk. 32 In contrast, a link between the use of sedatives (benzodiazepines) and violent behavior has been suggested from case studies, such as in the present geographical setting, 33 and a recent review paper summarized the studies examining a potential link between benzodiazepines and violence. Despite a large number of studies addressing this issue in some way, study quality was generally low, and few high-quality studies address forensic populations, 34 and dose-response associations have been difficult to interpret. 34, 35 Although benzodiazepines have been suggested as violence-enhancing drugs through a disinhibitory effect on human behavior, other data have shown that the increase in violence after benzodiazepine intake may be associated with preexisting personality factors, giving the substance a less pronounced role in the prediction of violent acts. 36, 37 The ASI interview in the version used at the time of the present study 38 was unable to separate prescribed sedative use from overuse or illicit use of the medication. Previous findings, although not yet conclusive, have indicated violence-promoting effects of both lower doses, such as those prescribed, and higher doses which may be more typically a part of illicit drug use. Based on this, there may not clearly be a rationale for separating prescribed and nonprescribed intake of sedatives. 7, 34, 35 However, the fact that the present study cannot separate illicit and licit use of sedatives is clearly a limitation. Despite this limitation, the actual use of sedatives was markedly more common in perpetrators of violent crime and even more so in fatal violence.
The relationship between substance use and violent behavior is complex and their close association is likely to be explained by both neurobiological mechanisms related to certain types of drugs and to social and contextual factors. 7 In addition, these constructs are likely to share common risk factors.
For opiates, in the literature from other settings than the present, no consistent human data have indicated a link to aggressive behavior, and a higher degree of involvement in opiate users has been described to be more related to personality traits than to the substance per se. Likewise, for cannabis, cocaine, amphetamine, and hallucinogenic drugs, available data have not found a consistent increase in violent behavior. 7 For cocaine, Buchanan et al identified an increase in violence in psychiatric outpatients related to cocaine specifically. 39 An association in the same direction was not seen here, although the cocaine-using group is more limited in the Swedish setting than in many other countries. 18 Apart from substance use variables assessed here, one limitation is clearly that the present study cannot provide data on other psychiatric conditions likely to cause violence As a mainly descriptive analysis of substance use patterns in different groups of criminals, it cannot make predictions about violent behavior among the general population or in substance users in comparison to non-users in the population. In the literature, several psychiatric problem variables and several contextual or background factors have been described to predict violent behavior. These factors may include an aggressive childhood environment and family history of violence and substance use disorders, 5 and with the individual's own psychiatric background characteristics including conduct disorder and hyperactivity. 40 It has been demonstrated that a very small proportion of the general population is responsible for a very large proportion of violent crimes in the community, 11 and that substance use disorders as a group, as well as several neurodevelopmental and psychiatric disorders, contribute to these behaviors. Here, one covariate was a lifetime history of psychiatric hospitalization, which is likely to indicate a certain level of psychiatric problems over the threshold where patients are not likely to be treated exclusively in an outpatient setting. The ASI contains symptom variables describing self-reported psychiatric symptoms during the past 30 days (prior to incarceration) and previously. Here, in a control analysis, all included variables were run against lifetime history of depression, anxiety, suicide attempts, hallucinations, and difficulties thinking, remembering, and concentrating. This 
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Associations between substance use and type of crime symptom variables were associated with violent crime. As these variables are self-reported, conclusions are difficult to draw about their potential association with violent crime. This calls for study designs where actual psychiatric diagnoses can be followed and run against violent and other criminal behaviors, and the lack of such diagnostic data is a limitation of the present prison material.
The present work also has other limitations: data on substance use, psychiatric hospitalization, and homelessness are self-reported, although within the structure of a well-established interview instrument and in dialogue with trained interviewers. Also, included data are cross-sectional and substance use variables described here refer to lifetime use, although specified as regular and with a duration of at least half a year. Clients are included in the study because of a significant substance-related problem, such that it can be assumed that substance use had been clearly problematic in close proximity to the crime committed and prior to incarceration; however, substance use may have varied over time and an absolute link cannot be established between the actual use of a substance and crimes committed. Instead, in a relatively large data material, we have aimed to describe how types of crime vary across different patterns of substance use and also to demonstrate how substance use problems likely to require treatment differ across types of crime.
Also, although substance use data do not refer to the most recent period of time prior to incarceration, memory bias cannot be excluded. Also, the time interval until the interview was variable for individual reasons, and time from arrival to the unit where the interview took place, to the actual interview, was less than 30 days in 55% of cases, less than 90 days in 84%, and less than a year in 97%. Again, substance use data and data on lifetime history of psychiatric hospitalization were supposed to demonstrate the problem burden of an individual over time, rather than specifically prior to incarceration, but a potentially negative effect of time on the reliability of self-reported data cannot be disregarded. In addition, as the data used here were collected between 2001 and 2006, it cannot be excluded that associations and interpretations studied here may have undergone some change, e.g., due to possible policy changes in more recent years.
Another limitation is -as in any analysis of criminal verdicts -that data reflect the type of crime for which the individual was sentenced, rather than all criminal behavior. Here, it was assumed that self-reported data on criminal behavior may have a weaker reliability and that the focus on the main crime in the verdict would reflect objective information about the most severe crime known and included in the verdict. Also, the analysis of the main crime -rather than subjective data on all-type criminality -was chosen in order to enable a study of distinctly separate categories of crime.
The present study addressed a data material of prisoners, which may not be generalizable to subjects who commit crimes that are not likely to lead to prison; however, the organizational structures of correctional institutions are very diverse between countries. Likewise, the distinction between prison and forensic psychiatry is likely to be very different in different settings. In the present study, despite high prevalence of psychiatric morbidity, it can be assumed that included subjects do not suffer from a diagnosed severe mental illness, such as a psychotic disorder, as these conditions typically lead to forensic psychiatric treatment as a response to criminal acts. This may limit generalizability of these findings to settings where prison and court-ordered psychiatric treatments are less separated. In addition, a large majority of the prisoners included here were men, such that generalizability may be limited to populations of female prisoners with substance use.
The present study may further support the need for large-scale and high-quality clinical studies of how benzodiazepines and other sedatives affect aggressive behavior. Also, in addition, the results may have clinical implications for evaluation and treatment of substance use disorders in prisoners. Studies on substance use disorders treatment for prevention of crime have focused on opiate dependence 41 and amphetamine. 42 While other types of crime are more clearly associated with drug crime and acquisitive crime in the present study, the associations with binge alcohol drinking and sedatives rather call for increased focus on the treatment of these conditions in the criminal justice setting. Further studies are needed addressing how treatment of alcohol and sedative use disorders may influence crime and criminal recidivism.
Conclusion
In this sample of prisoners with substance use problems, traditional illicit drug use may be less common in violent perpetrators than in clients sentenced for other crime, and in contrast, sedatives use and alcohol binge drinking were more prevalent in violent offenders. Among the subgroup of violent offenders with substance use, sedatives may be positively associated and illicit drugs negatively associated with fatal violence.
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